An overview of the results of previous research on the effectiveness of entomopathogenic nematodes against harmful Thysanoptera species and so-far recorded entomophilic (parasitic) nematodes of the genus Thripinema is given. Probably in the near future entomopathogenic nematodes will partly substitute for insecticides in controlling thrips and other plant pests. Investigation of the mode of action and the bionomics of entomophilic nematodes will be required to improve their effectiveness in controlling thrips.
Use of entomopathogenic nematodes (EPNs), as a method of biological protection of plants from harmful insects, is well known (Helyer et al., 1995) . EPNs live in symbiosis with bacteria, which are unleashed into the haemolymph of the host after the nematodes have entered the victim (Gaugler, 2002) . Only infective juveniles (IJ) of EPNs carry symbiotic bacteria, which are in special intestinal bindings (Kaya, 2000) . The insects usually die due to poisoning or some organ failure within a period from 24 to 72 hours (Smart, 1995) . Results of research confirmed that EPNs are effective biological control agents of pupae of western flower thrips (Frankliniella occidentalis [Pergande] ) (Ebssa et al., 2001a, b) . In recent years, experts have intensively studied the methods and mechanisms of the foliar application of EPN suspensions. Until now the efficacy of the nematode Steinernema feltiae (Filipjev) (Rhabditida: Steinernematidae) was most intensively studied against the above-ground stages of thrips (Lello et al., 1996) .
It has been proved that entomophilic or (entomo)parasitic nematodes from the genus Thripinema (Tylenchida: Allantonematidae) can parasitize different Thysanoptera species (Greene and Parrella, 1993; Tipping et al., 1998) . These nematodes are obligatory parasites which cause sterility of thrips, but they do not cause their fast death. That is why they are not directly useful for biological control of thrips (Greene and Parrella, 1993) . Some species of entomoparasitic nematodes of thrips are well studied, among the more efficient are Thripinema nicklewoodi (Siddiqi) , T. khrustalevi (Chizhov, Subbotin and Zakharenkova), T. fuscum Tipping and Nguyen, T. reniraoi (Reddy, Nickle and Rao) and T. aptini (Sharga) . The bionomics and mode of action of these species has not been much studied.
Efficacy of entomopathogenic nematodes

Frankliniella occidentalis
The use of EPNs (Rhabditida: Steinernematidae and Heterorhabditidae) for controlling thrips has gained more importance in some European countries (Kaya et al., 2006) . The first studies of these biological agents against thrips in Europe started approximately a decade ago.
In 1996, the efficiency of three EPN species (Steinernema riobravis Cabanillas, Poinar and Raulston, S. feltiae, and Heterorhabditis bacteriophora Poinar) against prepupae and pupae of western flower thrips (F. occidentalis) was studied in Israel. The best effect was shown by H. bacteriophora (36-49% mortality of thrips), meanwhile the two Steinernema species were less effective (about 10% mortality of thrips). At higher concentrations of H. bacteriophora suspension (10000 IJ/ml), the mortality of F. occidentalis was only slightly higher (41.8-73.4%) than it was at a lower concentration (500 IJ/ml), where the mortality was between 35 and 50% (Chyzik et al., 1996) .
In 2001, the effectiveness of six species of EPNs for controlling F. occidentalis was studied under laboratory conditions. The nematodes H. bacteriophora 'HK3', H. bacteriophora 'HB Brecan', S. feltiae 'Sylt', S. feltiae 'OBSIII', S. feltiae 'CR', and S. carpocapsae (Weiser) 'DD136' were included in the experiment. All species were very effective against soil stages of the pest. The most effective were S. feltiae Sylt, S. carpocapsae 'DD136', and H. bacteriophora 'HK3'. The nematode S. feltiae 'OBSIII' was the most virulent for the second instar larvae and prepupae in the soil with average moisture, while the effectiveness of these agents was a good deal less in dry soil (Ebssa et al., 2001a) .
The activity of S. carpocapsae 'DD136' and H. bacteriophora 'HK3' against older larvae of F. occidentalis has been studied with two suspension concentrations of the nematode, 200 and 400 IJ/cm 2 . Nematodes from the genus Heterorhabditis have been proven more effective (76% rate of mortality), meanwhile the strain from the genus Steinernema was less effective (37% rate of mortality) (Belay et al., 2005) . Results of this study have confirmed that the nematodes from the family Heterorhabditidae are far more effective against F. occidentalis than nematodes from the Steinernematidae (Chyzik et al., 1996; Premachandra et al., 2003) .
Results of research in the last two decades have also shown a certain biological potential of EPNs against foliar (above-ground) insect pests, but only under specific conditions (Arthurs et al., 2004) . The lower efficiency of EPNs against foliar pests are above all the consequence of the exposure of the nematodes to unsuitable (low) moisture (Lello et al., 1996) , extreme temperatures (Grewal et al., 1994) , or high ultraviolet radiation (Gaugler et al., 1992) . These factors are important for survival of nematodes (Gaugler, 2002) . They are the main reasons that nematodes are not so efficient against foliar pests in the open, although the previous laboratory tests showed higher efficiency (Berry and Lewis, Laznik, Trdan: Biological control agents of thrips Acta Phytopathologica et Entomologica Hungarica 43, 2008 1993). The activity of nematodes against larvae and adults of thrips on above-ground parts of plants has been relatively poorly studied until now, but the number of such research studies is slowly increasing (Tomalak et al., 2005) .
The activity of different species of EPNs on juveniles of F. occidentalis was studied under laboratory conditions also in Slovenia (Perme, 2005) . The experiment included the nematodes H. bacteriophora, H. megidis Poinar, Jackson and Klein, S. carpocapsae, and S. feltiae. Their activity was studied at three different suspension concentrations (500, 1000, and 5000 IJ/ml) and three temperatures (15, 20, and 25°C) . At the highest suspension concentration the most effective were H. bacteriophora (92%) and H. megidis (71%), while at the lower concentration this was true for S. carpocapsae (90%) and S. feltiae (82%). The author confirmed that the activity of the nematodes depends more upon temperature than upon concentration, since all four species of nematodes were more effective at 25°C than at lower temperatures. The species from the genus Steinernema showed high enough effectiveness at lower suspension concentrations and therefore they are suitable biological agents for controlling the larvae of F. occidentalis also because of the lower cost of their use (Perme, 2005) .
Hercinothrips femoralis and Thrips palmi
The effectiveness of two EPNs (S. feltiae and H. bacteriophora) for controlling Hercinothrips femoralis (Reuter) has been investigated in Slovenia (Trdan et al., 2007) . In a laboratory experiment both nematode species were effective against the larvae and adults of the thrips with concentrations of 200 and 1000 IJ/insect. Both biological agents achieved the highest effectiveness at 25°C. The average corrected mortality of larvae was 37.7%, while the same parameter for adults was only 15.4%. No significant differences in effectiveness were found between the nematode species (Trdan et al., 2007) . In a related study, where the efficacy of S. feltiae against the larvae of Thrips palmi Karny was tested under laboratory conditions, the nematode demonstrated satisfactory efficacy on the pest (North et al., 2006) .
Thripinema spp.: entomophilic or (entomo)parasitic nematodes
Thripinema nicklewoodi
The endoparasitic Thripinema nicklewoodi (Siddiqi) was described for the first time in 1964 (Siddiqi, 1986) . Greene and Parrella (1993) reported that from 19 to 33% of F. occidentalis adults were parasitized with T. nicklewoodi. Lim and Van Driesche (2005) tried to prove that T. nicklewoodi, which is an obligatory parasite of F. occidentalis, also parasitizes adults of Thrips tabaci Lindeman, Heliothrips haemorrhoidalis (Bouché) and Franklinothrips orizabensis Johansen. Of these only T. tabaci has shown to be a suitable host for T. nicklewoodi, since its parasitic level did not differ significantly from the level of the parasitized controlled sample of F. occidentalis.
The results of previous studies have shown that some entomoparasitic nematodes parasitize only females of thrips (Greene and Parrella, 1993) . Lim et al. (2001) have proved that some nematodes can attack the females of F. occidentalis in relatively greater numbers than males. The highest percent of parasitism was determined with the thrips second instar larvae (70%), prepupae (63%) and first instar larvae (63%). Almost all nematodes which entered into hosts were females (Lim et al., 2001; Mason and Heinz, 2002) . This indicates that nematodes mate before entering into the host (Lim et al., 2001 ). More entomoparasitic nematodes have been found in adult females of thrips, mostly on account of female size (they are bigger than males). It has also been determined that nematodes, which parasitize adults of thrips, have a greater effect on mortality of both genders of their victims, in comparison with the parasitism of younger stages. It is known that infected males of thrips feed less intensively than infected females (Van de Wetering et al., 1998) and that is why nematodes more rapidly exhaust the males. In this way they decrease their life expectancy. The life expectancy of healthy (76 days) and infected (46 days) females of F. occidentalis is at 24°C far longer than that of healthy (33 days) and infected males (21 days) (Lim et al., 2001) . Arthurs et al. (2003) report similar results regarding the activity of the nematode T. nicklewoodi as was determined in previous research studies (Lim et al., 2001; Mason and Heinz, 2002 ). An important finding from their greenhouse research is the percentage parasitism of F. occidentalis, which was the highest (60%) at 15°C. With an increase in the temperature, the activity of the nematodes diminished (at 30°C the percentage parasitism was only 15%). A related study showed satisfactory efficiency of T. nicklewoodi at 10°C (Katayama, 1997) . This indicates that biological control of F. occidentalis in greenhouses can begin in the early spring. When the air temperature increases, the EPNs can be included in the biological protection program, since most of them are most effective between 20 and 25°C (Arthurs and Heinz, 2006) .
Thripinema fuscum
This entomoparasitic nematode, T. fuscum, was found in 1995 in tobacco thrips (Frankliniella fusca [Hinds]), parasitizing both genders of the thrips. Female nematodes enter the victim through the intersegmental membranes of the host. After entering the host, the nematodes swell up, which is characteristic of Thripinema species. Up to 200 nematodes can be found in individual hosts (Tipping et al., 1998) . T. fuscum can also parasitize the adults of F. occidentalis and F. tritici (Fitch) .
Thripinema khrustalevi
This entomoparasitic nematode species, T. khrustalevi, parasitizes Frankliniella australis (Morgan). It has been shown that the parasitism of female thrips (84%) was higher than the parasitism of the males (60%). The level of parasitism of adult thrips was higher in the warmer part of the year. So far it has not been determined whether T. khrustalevi can parasitize other thrips species. In comparison with unparasitized females, parasitized females have smaller ovaries and cannot produce eggs .
Conclusions
Entomopathogenic and entomophilic or (entomo)parasitic nematodes have the potential to be used in the biological control of thrips in different areas of the world. We expect that in the coming years their importance in crop and vegetable production in Slovenia as well as in other European countries will be greater than today. At present we still do not have enough data about the occurrence of parasitic nematodes, and domestic studies with EPNs have until now been restricted to laboratory work. The demonstrated satisfactory effectiveness of EPNs under laboratory conditions provides a firm basis for the use of these biological agents against thrips as well as against other insect pests in the near future.
Entomoparasitic nematodes will most probably be subjected to basic research, with the aim of understanding their bionomics and mode of action. With our future studies and the use of these biological control agents we wish to contribute to the development of environmentally friendly production of plant food in Slovenia.
